Modulation of glutamine metabolism by the PI(3)K-PKB-FOXO network regulates autophagy.
The PI(3)K-PKB-FOXO signalling network provides a major intracellular hub for the regulation of cell proliferation, survival and stress resistance. Here we report an unexpected role for FOXO transcription factors in regulating autophagy by modulating intracellular glutamine levels. To identify transcriptional targets of this network, we performed global transcriptional analyses after conditional activation of the key components PI(3)K, PKB/Akt, FOXO3 and FOXO4. Using this pathway approach, we identified glutamine synthetase as being transcriptionally regulated by PI(3)K-PKB-FOXO signalling. Conditional activation of FOXO also led to an increased level of glutamine production. FOXO activation resulted in mTOR inhibition by preventing the translocation of mTOR to lysosomal membranes in a glutamine-synthetase-dependent manner. This resulted in an increased level of autophagy as measured by LC3 lipidation, p62 degradation and fluorescent imaging of multiple autophagosomal markers. Inhibition of FOXO3-mediated autophagy increased the level of apoptosis, suggesting that the induction of autophagy by FOXO3-mediated glutamine synthetase expression is important for cellular survival. These findings reveal a growth-factor-responsive network that can directly modulate autophagy through the regulation of glutamine metabolism.